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1. INTRODUCTION {#cas14336-sec-0001}
===============

Programmed cell death (PD)‐1 is an immune co--receptor that has been well characterized as a negative regulatory molecule of immunocytes at immune checkpoints. PD‐1 ligands belong to the B7 family of molecules and include PD‐L1 (B7‐H1) and PD‐L2 (B7‐DC).[1](#cas14336-bib-0001){ref-type="ref"}, [2](#cas14336-bib-0002){ref-type="ref"} PD‐L1 is widely expressed in a variety of immunocytes, including T cells, B cells, regulatory T cells, natural killer T cells, dendritic cells (DC) and tumor cells.[3](#cas14336-bib-0003){ref-type="ref"}, [4](#cas14336-bib-0004){ref-type="ref"} In tumor cells, PD‐L1 binds to PD‐1 on T cells and suppresses their immune function, which leads to the promotion of tumor growth, metastasis and cachexia.[5](#cas14336-bib-0005){ref-type="ref"} Indeed, immunotherapy using anti--PD‐1 antibodies has been reported to prevent immune tumor evasion from the immune system in patients with various solid malignancies, allowing immunocytes to appropriately attack the tumor cells.[6](#cas14336-bib-0006){ref-type="ref"}

Programmed cell death‐2 is expressed in antigen‐presenting cells, including DC, macrophages, B cells and tumor cells.[7](#cas14336-bib-0007){ref-type="ref"}, [8](#cas14336-bib-0008){ref-type="ref"} Like PD‐L1, PD‐L2 has been reported to bind to PD‐1, resulting in the evasion of tumor cells from the immune system.[9](#cas14336-bib-0009){ref-type="ref"}, [10](#cas14336-bib-0010){ref-type="ref"}

It has recently been revealed that the distribution of programmed cell death ligands (PD‐L) differs depending on the type of head and neck squamous cell carcinoma (HNSCC).[11](#cas14336-bib-0011){ref-type="ref"}, [12](#cas14336-bib-0012){ref-type="ref"} In HNSCC patients, PD‐L2 expression has been reported to be greater than that of PD‐L1.[13](#cas14336-bib-0013){ref-type="ref"} In addition, PD‐1/PD‐L2 interactions have been reported to have different association/dissociation kinetics, exhibiting a 2‐6‐fold higher affinity compared with PD‐1/PD‐L1 interactions.[14](#cas14336-bib-0014){ref-type="ref"} However, it remains unclear whether PD‐L2 expression and the ratio of PD‐L2/PD‐L1 expression play an important role in HNSCC.

Squamous cell carcinomas (SCC) comprise over 95% of malignant tumors in the head and neck region, including the oral cavity. Oral squamous cell carcinoma (OSCC) is the most common malignancy of the maxillofacial region, accounting for nearly 3% of all cancer cases worldwide.[15](#cas14336-bib-0015){ref-type="ref"} OSCC severely impairs patient quality of life because of the associated damage to speech, swallowing and mastication. However, the survival of patients with metastatic OSCC has significantly improved with treatments involving platinum‐based salt drugs and, more recently, immune checkpoint targeting therapies. Indeed, the inhibition of PD‐1/PD‐L1 binding using anti--PD‐1 antibodies has been reported to result in increased disease control and survival rates as compared with conventional chemotherapy alone.[16](#cas14336-bib-0016){ref-type="ref"}, [17](#cas14336-bib-0017){ref-type="ref"} Despite these therapeutic advances, the mortality of OSCC patient remains high due to the development of distant metastases and local and systemic recurrences, which are resistant to both chemotherapy and radiotherapy.[18](#cas14336-bib-0018){ref-type="ref"}

Several studies have evaluated the ability of chemotherapy, including anti--tumor drugs such as cisplatin, to modulate tumor immunogenicity and to influence adaptive immunity.[19](#cas14336-bib-0019){ref-type="ref"} From these studies, it has recently been reported that cisplatin induces the expression of PD‐L1 in bladder cancer and non--small cell lung cancer.[20](#cas14336-bib-0020){ref-type="ref"}, [21](#cas14336-bib-0021){ref-type="ref"} However, the expression and regulatory mechanisms of PD‐L2 have not been evaluated in OSCC.

Therefore, in the present study, we evaluated the effect of cisplatin on the expression of PD‐L2 in OSCC cell lines. In addition, we evaluated whether PD‐L2 expression was involved in the malignancies observed in cisplatin‐resistant OSCC cell lines. Furthermore, PD‐L2 expression in the tumor tissues from OSCC patients was determined using cytology and tissue microarray methods.

2. MATERIALS AND METHODS {#cas14336-sec-0002}
========================

2.1. Ethics statement {#cas14336-sec-0003}
---------------------

This study was approved by the Ethics Review Board of Fukuoka Dental College (approval number: 432). All studies involving human participants were conducted in full compliance with the Declaration of Helsinki. All participants completed an informed consent form.

2.2. Cell culture {#cas14336-sec-0004}
-----------------

Human oral squamous carcinoma cells HSC‐2 and HSC‐3 were obtained from the Cell Resource Center, Institute of Developmental, Aging and Cancer, Tohoku University (Sendai, Japan). Cells were seeded at a density of 1 × 10^5^ cells/mL and cultured at 37°C in a humidified atmosphere of 95% air and 5% CO~2~ in DMEM (Wako) supplemented with 10% FBS (Sigma‐Aldrich). Upon reaching sub‐confluence, cells were incubated in culture medium with or without cisplatin \[cis‐Diammineplatinum(II)\] dichloride (1‐5 μmol/L); Sigma‐Aldrich) for 0‐72 hours. In some experiments, the cells were incubated in culture medium containing cisplatin and fludarabine (10 μmol/L; STAT1 inhibitor; Sigma‐Aldrich) or cryptotanshinone (10 μmol/L; STAT3 inhibitor; Sigma‐Aldrich).

2.3. Cellular proliferation assay {#cas14336-sec-0005}
---------------------------------

Cellular proliferation was measured by using a Cell Counting Kit‐8 solution (CCK‐8; Dojindo Laboratories). Briefly, the cells were seeded in 96‐well plates at a density of 1000 cells/well in 100 μL D‐MEM. At 0, 24, 48 or 72 hour after cisplatin treatment, 10 μL of CCK8 reagent was added to each well and the plates were incubated at 37°C for 1 hour. Absorbance was read at 450 nm using a microplate reader (Mode 680; Bio‐Rad). Culture solution containing CCK‐8 reagent but without cells was used as a blank control.

2.4. RNA isolation and quantitative RT‐PCR {#cas14336-sec-0006}
------------------------------------------

Total RNA was extracted from the cells using TRIzol Reagent. First‐strand cDNA was synthesized from 3 μg of total RNA using SuperScript II reverse transcriptase (Invitrogen, Thermo Fisher Scientific). To detect mRNA expression, we selected gene‐specific primers based on the nucleotide sequence of the cDNA. QRT‐PCR analyses of the targeted mRNA were performed using the SYBR Prime Script RT‐PCR Kit with an ABI 7500 Real‐Time PCR System (Applied Biosystems). Reaction conditions were as follows: an initial step at 95°C for 30 seconds, followed by 40 cycles of denaturation at 95°C for 5 seconds, annealing at 60°C for 10 seconds, and extension at 72°C for 35 seconds. β‐actin was used as an internal standard to control for amplification variability due to differences in starting mRNA concentrations. The threshold cycle (Ct) was defined as the fractional cycle number. The gene expression level was expressed relative to that of β‐actin and the delta (delta Ct) method was used to calculate the fold change for each sample.

2.5. Western blot analysis {#cas14336-sec-0007}
--------------------------

Cells were lysed in TNT buffer (Roche). Protein content was measured with a protein assay kit (Thermo Scientific). Briefly, 20 µg of each protein was subjected to 10.5% sodium dodecyl sulfate polyacrylamide gel electrophoresis. Separated proteins were then electrophoretically transferred to PVDF membranes at 75 V for 1.5 hour at 4°C. The membranes were then incubated overnight with antibodies against the target molecules in a 5% skimmed milk solution at 4°C (Table [S1](#cas14336-sup-0004){ref-type="supplementary-material"}). Blots were then washed in TBST (10 mmol/L tris--HCl, 50 mmol/L, NaCl 0.25% Tween‐20), incubated for 1 hour with HRP‐conjugated anti--rabbit or mouse IgG secondary antibodies, and developed using an enhanced chemiluminescence system (GE Healthcare). In some experiments, cellular total proteins were isolated as the membrane and cytoplasm fractions using the Mem‐PER Plus Membrane Protein Extraction Kit (Thermo Scientific). Briefly, cells were washed with wash buffer, and 0.75 mL of permeabilization buffer containing protease inhibitors was added. Cell suspensions were centrifuged at 16 000 *g* for 15 minutes at 4°C; the collected supernatant contained the cytosolic proteins. Membrane‐enriched pellets were incubated for 30 minutes with solubilization buffer and centrifuged at the same condition; the collected supernatant contained the membrane fraction.

2.6. Flow cytometry analysis and cell sorting {#cas14336-sec-0008}
---------------------------------------------

Cells were washed twice with PBS after treatment with Fc Receptor Blocking Solution (Human TruStain FcX; BioLegend) and incubated with the cell surface antigen of PD‐L2 (CD273) conjugated with phycoerythrin (PE, BioLegend) or ABCG2 (CD338) conjugated with PE‐Cy5 (BioLegend). The labeled cells were analyzed by flow cytometry analysis using the On‐chip system (On‐chip Biotechnologies). The ratio of each antibody‐positive cell to the total cells was quantified using the associated analysis software. In some experiments, PD‐L2‐positive or negative cells were sorted and collected using fluorescence‐activated cell sorting.

2.7. Colony assay {#cas14336-sec-0009}
-----------------

Cells were seeded at a low density of 1 × 10^3^ cells/mL and cultured at 37°C in 100‐mm culture dishes. After 10 and 13 days, the colonies that were forming were stained with crystal biored and stained colonies were counted.

2.8. Transwell invasion assays {#cas14336-sec-0010}
------------------------------

Cells were seeded onto 24‐well plates (6.5‐mm diameter; 8‐μm pore size chamber inserts; Corning, USA) for cell invasion assays. Briefly, cells were added to the upper collagen‐coated chamber of the transwell insert (1 × 10^3^ cells/well). After 24 and 48 hours of incubation, the cells that remained at the top of the inserts were removed. Invasive cells that were present on the lower surface of the inserts were fixed with methanol and stained with calcein‐AM (Dojindo) for 15 minutes. The number of invasive cells was counted under a fluorescent microscope. Data were expressed as the average number of cells/transwell ± SD.

2.9. Transformation assay {#cas14336-sec-0011}
-------------------------

Transforming assays were performed using Cytoselect 96‐well transforming plates in conjunction with a Soft Agar Colony Formation Kit (Cell Biolabs). Briefly, cell suspensions at a density of 1 × 10^4^ cells/mL were mixed with an agar solution. The culture medium containing the mixed cell suspension was then incubated in 96‐well plates (100 μL/well) for 10 days at 37°C and 5% CO~2~. The formation of cell colonies was examined using a light microscope. After removal of the culture medium, lysis buffer was added to the wells, which were incubated for 15 minutes. The fluorescence at 520 nm excited at 480 nm was measued for colony formation in the agar floating culture using a microplate reader (Mode 680; Bio‐Rad).

2.10. Immunochemistry {#cas14336-sec-0012}
---------------------

Immunohistochemistry was performed for tissue microarray sections (Cat. No. OR208 US Biomax) using the Histofine Simple Stain MAX‐PO(R) kit (Nichirei). Briefly, antigen retrieval was performed by autoclave treatment and endogenous peroxidase activity was blocked by treatment with H~2~O~2~. Following incubation with anti--human PD‐L2 antibody (Cell Signaling Technology) then a secondary antibody (Nichirei), the tissue microarray sections were visualized using a DAB substrate kit (Nichirei), before counterstaining with hematoxylin. As a negative control, staining was performed without any primary antibody. The tissue microarray sections were independently examined by two researchers, including a pathologist. The PD‐L2 staining intensity of each tumor cell was classified into four levels relative to that of infiltrating macrophages as internal control in the same section (Figure [S1](#cas14336-sup-0001){ref-type="supplementary-material"}): negative, no specific staining; low, weakly stained tumor cell; intermediate, moderately stained tumor cell; and high, strongly stained tumor cells. The histological grading (differentiation degree) and Yamamoto‐Kohama (YK)‐classification (invasive pattern) were also determined and the invasive pattern was categorized into three types: expansive type (YK‐1 and 2), intermediate type (YK‐3) and invasive type (YK‐4C and ‐4D). As for differentiation degree, we evaluated the morphological features in the observed tissue microarray spots rather than the information from the data sheet because the expression of PD‐L2 was  heterogeneous in the same tumor nest.

For immunocytochemistry, cells cultured on coverslips were fixed with 4% paraformaldehyde and permeabilized by incubation with 0.2% Triton X‐100 in PBS. Following incubation with the primary antibodies, the antibody bindings were visualized using anti--mouse immunoglobulin G conjugated with Alexa Fluor 488 (1:200; Molecular Probes). Immunostained cells were then counterstained with DAPI (Vector Laboratories).

2.11. Collection of exfoliative cells and papanicolaou staining {#cas14336-sec-0013}
---------------------------------------------------------------

Oral smears were taken from buccal sites in patients with OSCC using the EndoCervix‐Brush (Rover Medical Devices, KV Oss). Intraoperative cytology was performed on patients diagnosed with OSCC before surgery. Only specimens that were diagnosed as OSCC from postoperative pathology were used. In addition, the Japanese Society of Oral Surgery Oral Cancer Practice Guidelines, 2019 edition (draft), was used to provide guidelines for the diagnosis of OSCC. The brushes were immersed and washed in CytoRich Red Fluid to scatter the cells in the solution. After centrifugation, cell pellets were suspended in distilled water. Cell suspensions were refixed in 95% ethanol. Papanicolaou staining was used for cytopathology. The collected cells were stained using the same method as described for immunocytochemistry.

2.12. Silencing and overexpressing of programmed cell death ligands in HSC‐2 {#cas14336-sec-0014}
----------------------------------------------------------------------------

Silencer siRNA for *PDCD1LG2* (B7DC) gene, 5′‐CCUAAGGAACUGUACAUAAtt‐3′, was purchased from Thermo Fisher Scientific. After culturing with 1 × 10^5^ cells/mL in six‐well plates for 1 day, the cells were transfected with 40 nmol/L siRNA using the Lipofectamine RNAi MAX Reagent (Thermo Fisher Scientific) in accordance with the manufacturer\'s protocol. For the control transfection, Silencer Select Negative Control No. 1 siRNA (Thermo Fisher Scientific) was used.

The nucleotide coding sequences of human PD‐L2 were amplified by PCR using the human HSC‐2 cDNA as a template and the following PD‐L2 specific primers: sense 5′ primer AAC ATG ATC TTC CTC CTG CTA ATG T and antisense 3′ primer TCA GAT AGC ACT GTT CAC TTC CC. The plasmid was linearized by digestion with KpnI and XbaI, and the amplified cDNA (822bp) was inserted into p3xFlag‐CMV‐7.1 (Sigma‐Aldrich) using DNA ligase. The nucleotide sequences of the PCR‐amplified cDNA were confirmed by DNA sequencing. The plasmids were transfected into the cells using Lipofectamine 3000 (Thermo Fisher Scientific). We used western blot analysis to validate the expression level of PD‐L2 in transfected HSC‐2 cells with expressing plasmid or siRNA.

2.13. Statistical analyses {#cas14336-sec-0015}
--------------------------

Data are expressed as the mean ± standard error of the mean (SEM). Differences were analyzed by one‐way analysis of variance, χ^2^ test and Scheffe\'s multiple comparison test. *P*‐values \< 0.05 were considered significant.

3. RESULTS {#cas14336-sec-0016}
==========

3.1. Upregulation of programmed cell death ligand 2 and ABCG2 in cisplatin‐resistant HSC‐2 cells {#cas14336-sec-0017}
------------------------------------------------------------------------------------------------

To clarify the resistance of HSC‐2 cells to cisplatin, we first examined the effect of cisplatin on cell viability using the CCK assay (Figure [1](#cas14336-fig-0001){ref-type="fig"}A). HSC‐2 cells without cisplatin dramatically proliferated in a time‐dependent manner. However, after cisplatin treatment, the proliferation of HSC‐2 cells was suppressed in a dose‐dependent manner. The number of viable cells with cisplatin remained constant or was slightly decreased at cisplatin concentrations of 2 to 5 μmol/L. These HSC‐2 cells that survived with cisplatin treatment were considered a subset of cisplatin‐resistant HSC‐2 cells.

![Cisplatin‐induced programmed death‐ligand 2 (PD‐L2) expression in anti--tumor drug‐resistant HSC‐2 cells. A, HSC‐2 cells were incubated with various concentrations of cisplatin for 0‐72 h. After cisplatin treatment, the number of viable cells was determined by the CCK8 assay. B, Expression of *PD‐L2*, *ABCG2* and *ALDH1* genes in HSC‐2 cells with or without cisplatin treatment (2 μmol/L). Samples were analyzed by RT‐PCR. Data shown are the means from seven culture wells (mean ± SEM). \* and \*\* indicate *P* \< 0.05 and *P* \< 0.01, respectively, vs control (0 h). C, Cells were treated without (control) or with cisplatin (2 μmol/L). Flow cytometry analysis used 20 000 cells/each sample. Mouse IgG‐PE (isotype) was used as a negative control. D, The immunocytochemistry expression of PD‐L2 and ABCG2 in cisplatin‐treated HSC‐2 cells was also confirmed. Scale bar = 50 μm. E, Western blotting was conducted using targeted and β‐actin antibodies in membrane and cytoplasm fractions separated from HSC‐2 cells treated with cisplatin for 24 h. Similar results were obtained from three independent experiments](CAS-111-1113-g001){#cas14336-fig-0001}

To clarify whether cisplatin‐induced PD‐L2 expression in OSCC, we examined the effect of cisplatin (2 μmol/L) on *PD‐L2* gene expression using quantitative RT‐PCR (Figure [1](#cas14336-fig-0001){ref-type="fig"}B). Cisplatin treatment upregulated the gene expression of *PD‐L2*, *ALDH1*, a stem cell marker, and the *ABCG2* gene, which is a drug efflux ATP‐binding cassette (ABC) transporter, in a time‐dependent manner. This upregulated expression reached a peak level at 24 hours after cisplatin treatment.

Subsets of anti--tumor drug‐resistant cells have been reported to depend on drug efflux ABC transporters.[22](#cas14336-bib-0022){ref-type="ref"}, [23](#cas14336-bib-0023){ref-type="ref"} ABCG2 is an ABC transporter that is a major contributor in cancer stem cells.[24](#cas14336-bib-0024){ref-type="ref"}, [25](#cas14336-bib-0025){ref-type="ref"} In addition, the activity of aldehyde dehydrogenases (ALDH), such as ALDH1, has been reported to define cancer stem cell populations in many cancer types and may act as a common marker for both normal and malignant stem cell populations.[26](#cas14336-bib-0026){ref-type="ref"}, [27](#cas14336-bib-0027){ref-type="ref"}

The increase in the cell surface expression of PD‐L2 in cells treated with cisplatin was further confirmed using flow cytometry analysis, indicating the upregulation of PD‐L2 in cisplatin‐resistant HSC‐2 cells compared with the control (without cisplatin treatment; Figure [1](#cas14336-fig-0001){ref-type="fig"}C). Similar results were obtained using immunofluorescence staining, which showed that cisplatin treatment for 24 hours upregulated the expression of PD‐L2, as well as ABCG2, in HSC‐2 cells (Figure [1](#cas14336-fig-0001){ref-type="fig"}D). The cisplatin‐induced PD‐L2 expression was localized in both the cytoplasm and the membrane after separation of the cytoplasm and membrane fractions using western blot analysis (Figure [1](#cas14336-fig-0001){ref-type="fig"}E). Cisplatin treatment also upregulated the expression of PD‐L2 and ABCG2 in HSC‐3 cells, the other OSCC cell line (Figure [2](#cas14336-fig-0002){ref-type="fig"}S). Treatment with hydrogen peroxide (500 μmol/L), a reactive oxidant species, also upregulated PD‐L2 expression, together with ABCG2, and peaked 24 hours after treatment. In contrast, pretreatment of N‐acetylcysteine (10 μmol/L), an antioxidant drug, partially suppressed the cisplatin‐upregulated PD‐L2 expression.

![Cisplatin‐induced programmed death‐ligand 2 (PD‐L2) expression is mediated by signal transducers and activator of transcription 1/3 (STAT1/3) activation in HSC‐2 cells. Expression of PD‐L2, STAT1 and STAT3 in HSC‐2 cells with or without cisplatin treatment (2 μmol/L) for 0‐48 h using quantitative RT‐PCR analysis (A) and western blot analysis (B). Bar graphs show the mean from seven culture wells (mean ± SEM). \* and \*\* indicate *P* \< 0.05 and *P* \< 0.01, respectively, vs control (0 h). The effect of a STAT1 or STAT3 inhibitor on PD‐L2 expression (C) and the activation of STAT1/3 phosphorylation (D). HSC‐2 cells were incubated with cisplatin in the presence or absence of a STAT1 or STAT3 inhibitor for 24 h. Similar results were obtained from three independent experiments](CAS-111-1113-g002){#cas14336-fig-0002}

3.2. Signal transducers and activator of transcription 1/3 involvement in programmed cell death ligand 2 upregulation {#cas14336-sec-0018}
---------------------------------------------------------------------------------------------------------------------

A number of cytokines, including INF‐γ, GM‐CSF, IL‐4 and TNF‐α, have been reported to induce PD‐L expression.[28](#cas14336-bib-0028){ref-type="ref"} The reactions of these cytokines have been reported to be partially mediated by the transcription factors STAT and IRF. It has also been reported that INF‐γ induced PD‐L1 expression is mediated by JAK/STAT pathways.[29](#cas14336-bib-0029){ref-type="ref"}, [30](#cas14336-bib-0030){ref-type="ref"} To elucidate which transcription factors mediate cisplatin‐induced PD‐L2 expression, we next examined the effect of cisplatin on the activation of various kinases and transcriptional factors. Cisplatin treatment gradually induced *STAT1* and *STAT3* gene expression in HSC‐2 cells in a time‐dependent manner compared with the control (Figure [2](#cas14336-fig-0002){ref-type="fig"}A). Accordingly, cisplatin treatment upregulated the expression of the STAT1 and STAT3 proteins for 24 hours (Figure [2](#cas14336-fig-0002){ref-type="fig"}B). The cisplatin treatment also dominantly upregulated STAT3 expression and this protein remained phosphorylated more than 1 hour after treatment compared with STAT1 (Figure [2](#cas14336-fig-0002){ref-type="fig"}C). However, cisplatin treatment had little effect on the activation of other kinases, including AMPK, PTEN and PI3K (Figure [S2](#cas14336-sup-0002){ref-type="supplementary-material"}).

Cisplatin treatment in the presence of fludarabine (10 μmol/L), a STAT1 inhibitor, or cryptotanshinone (10 μmol/L), a STAT3 inhibitor, decreased the relative number of PD‐L2‐positive cells compared with cisplatin alone (Figure [2](#cas14336-fig-0002){ref-type="fig"}D). The combination of cisplatin with either the STAT1 or STAT3 inhibitor also suppressed the phosphorylation of STAT1/3, particularly that of p‐STAT1.

3.3. The relationship between programmed cell death ligand 2 expression and malignancy in oral squamous cell carcinoma {#cas14336-sec-0019}
----------------------------------------------------------------------------------------------------------------------

Some studies have reported that PD‐L expression is associated with malignant potential, resulting in a decrease in overall survival in various cancers.[31](#cas14336-bib-0031){ref-type="ref"}, [32](#cas14336-bib-0032){ref-type="ref"} To further examine this issue, HSC‐2 cells were separated into PD‐L2‐positive and PD‐L2‐negative cells using fluorescence‐activated cell sorting, in which PD‐L2 expression was confirmed by western blot analysis (Figure [3](#cas14336-fig-0003){ref-type="fig"}A). To clarify whether PD‐L2 expression in HSC‐2 cells was associated with malignant behavior, we examined the effect of PD‐L2 expression on cellular proliferation using the colony assay (Figure [3](#cas14336-fig-0003){ref-type="fig"}B). There was no difference in proliferation activity between PD‐L2‐positive and PD‐L2‐negative cells on days 10 and 13. Next, we examined the tumor invasion ability, using transwell assays, and cellular transforming ability, using agar floating culture assays, in PD‐L2‐overexpressing and PD‐L2‐silencing cells. The number of cells that passed from the upper to the lower chamber through the collagen gel‐coated transwell increased in a time‐dependent manner (Figure [3](#cas14336-fig-0003){ref-type="fig"}C). In particular, a greater number of PD‐L2‐overexpressing or PD‐L2‐positive cells passed through the collagen gel compared with PD‐L2‐negative cells over a 48‐hour period. In contrast, the number of invading cells decreased with the silencing of PD‐L2 in collected PD‐L2 positive cells. Furthermore, the number of HSC‐2 cell colonies in the agar floating culture of PD‐L2‐overexpressing or PD‐L2‐positive cells was significantly greater than that observed for PD‐L2‐negative cells (Figure [3](#cas14336-fig-0003){ref-type="fig"}D).

![The invasion and transformation ability of cisplatin‐induced programmed death‐ligand 2 (PD‐L2)‐positive cells. A, Cells were treated with cisplatin (2 μmol/L), followed by separation into PD‐L2‐positive and PD‐L2‐negative cell populations using fluorescence‐activated cell sorting. B, Differences between the PD‐L2‐positive or expressing and PD‐L2‐negative or silencing cells in terms of proliferation (B) as determined by the colony formation assay, invasion (C) by the transwell assay and transformation (D) by the floating agar culture assay. Bar graphs show the mean from seven culture wells (mean ± SEM). \* and \*\* indicate *P* \< 0.05 and *P* \< 0.01 vs mock cells at 48 h (C) or PD‐L2 (+) cells (D)](CAS-111-1113-g003){#cas14336-fig-0003}

3.4. Oral squamous cell carcinoma patients expressing programmed cell death ligand 2 {#cas14336-sec-0020}
------------------------------------------------------------------------------------

To clarify whether PD‐L2 is expressed in the tumor tissues of OSCC patients, we next examined PD‐L2 expression in OSCC cells from patients using cytological methods and commercial paraffin tissue microarrays in human oral cancers (Figure [4](#cas14336-fig-0004){ref-type="fig"}A,B) in conjunction with immunochemical staining. Using exfoliative cytological methods, we separated the cells derived from OSCC patients. These cells were severely atypical squamous cells with high nuclear‐cytoplasmic ratio, hyperchromatic nuclei and nuclear pleomorphism, suggesting OSCC as determined by papanicolaou staining. In addition, PD‐L2 expression in these cells was localized around the cellular membrane as determined by immunocytofluorescence. PD‐L2 expression was also observed in OSCC tissues derived from the tongue and gingiva of SCC patients, but not in normal tissues, in oral tissue microarray preparation. The rate of PD‐L2 positivity was 67.7% (113/ 167 in total tissues) and was dominant in males (*P* \< 0.03) in the relationship between clinicopathological characteristics and PD‐L2 expression (Table [S1](#cas14336-sup-0004){ref-type="supplementary-material"}). Furthermore, the intensity of PD‐L2 expression was significantly and positively correlated to the differentiation degree and invasive pattern (Table [1](#cas14336-tbl-0001){ref-type="table"}).

![Programmed death‐ligand 2 (PD‐L2) expression in squamous cells isolated from oral squamous cell carcinoma (OSCC) patients and oral tissue microarray. A, Representative images of the exfoliative epithelium isolated from an OSCC patient and stained with papanicolaou and immunofluorescence. Scale bar = 50 μm. B, Immunohistochemical staining for PD‐L2 in various oral tissue samples by microarray. Scale bar = 50 μm](CAS-111-1113-g004){#cas14336-fig-0004}

###### 

Correlation between programmed death‐ligand 2 (PD‐L2) expression and histological grading and invasive pattern

  Factors                      PD‐L2 negative         PD‐L2 positive                                                                              
  ---------------------------- ---------------------- ---------------------- --------------------------------------------------------- ---------- ----------
  Differentiation degree                                                                                                                          
  Grade I                      36 (78.3)              38 (47.5)              1 (4.5)                                                   0 (0)      0.0001
  (22.549, 4.744)\*\*          (39.216, −0.394)       (10.784, −4.510)\*\*   (2.451, −2.229)[\*](#cas14336-note-0002){ref-type="fn"}              
  Grade II                     10 (21.7)              37 (46.5)              13 (54.1)                                                 3 (60.0)   
  (18.941, −3.203)\*\*         (32.941, 1.335)        (9.059, 1.845)         (2.059, 0.870)                                                       
  Grade III                    0 (0)                  5 (6.2)                8 (36.4)                                                  2 (40.0)   
  (4.510, −2.674)\*\*          (7.843, −1.548)        (2.157, 4.527)\*\*     (0.490, 2.309)[\*](#cas14336-note-0002){ref-type="fn"}               
  Invasive pattern                                                                                                                                
  Expansive type (YK‐1, −2)    30 (65.2)              10 (12.5)              0 (0)                                                     0 (0)      0.000001
  (12.026, 7.212)\*\*          (20.915, −4.021)\*\*   (5.752, −3.016)\*\*    (1.307, −1.353)                                                      
  Intermediate type (YK‐3)     16 (34.8)              63 (78.8)              15 (68.2)                                                 3 (60.0)   
  (29.163, −4.818)\*\*         (50.719, 4.127)\*\*    (13.948, 0.503)        (3.170, −0.160)                                                      
  Invasive type (YK‐4C, −4D)   0 (0)                  7 (8.7)                7 (31.8)                                                  2 (40.0)   
  (4.801, −2.772)\*\*          (8.366, −0.723)        (2.301, 3.538)\*\*     (0.523, 2.195)[\*](#cas14336-note-0002){ref-type="fn"}               

exp., expected value; st.resid., standardized residual.

*P* \< 0.05, \*\**P* \< 0.01.

John Wiley & Sons, Ltd

4. DISCUSSION {#cas14336-sec-0021}
=============

Cisplatin‐based neoadjuvant chemotherapy in cancer patients is known to induce PD‐L1‐positive cells in tumors and immunocytes. In this study, we found that cisplatin treatment upregulated PD‐L2 and ABCG2 expression. ABCG2 is a drug efflux transporter in oral squamous tumors. Our findings indicate that the anti--tumor drug resistance in OSCC may be associated with PD‐L2 expression during chemotherapy.

It has recently been reported that cisplatin induces PD‐L1 expression in bladder cancer and non--small cell lung cancer cell lines.[20](#cas14336-bib-0020){ref-type="ref"}, [21](#cas14336-bib-0021){ref-type="ref"} In bladder cancer, cisplatin treatment serves to upregulate PD‐L1 expression via the ERK signaling pathway, followed by AP‐1. In addition, PD‐L1 is variably expressed in the cytoplasm and cell membrane in ovarian cancer cells.[33](#cas14336-bib-0033){ref-type="ref"} However, the mechanism of cisplatin‐induced PD‐L1 expression in these tumor cells remains largely unclear. In the current study, our results indicated that cisplatin treatment upregulated PD‐L2 expression in both the membrane and cytoplasm fractions of OSCC via STAT1/3 activation. PD‐L1 expression has been reported to be associated with the epithelial‐mesenchymal transition (EMT) observed during metastasis in lung and breast cancer, and esophageal SCC via ZEB1 activation.[34](#cas14336-bib-0034){ref-type="ref"}, [35](#cas14336-bib-0035){ref-type="ref"}, [36](#cas14336-bib-0036){ref-type="ref"} Moreover, cisplatin treatment has been reported to increase intracellular ROS levels[37](#cas14336-bib-0037){ref-type="ref"}, [38](#cas14336-bib-0038){ref-type="ref"} and treatment with antioxidants has been shown to ameliorate the toxic effects of cisplatin.[39](#cas14336-bib-0039){ref-type="ref"}, [40](#cas14336-bib-0040){ref-type="ref"} ROS themselves are known to induce the EMT in normal and SCC cells.[41](#cas14336-bib-0041){ref-type="ref"}, [42](#cas14336-bib-0042){ref-type="ref"}, [43](#cas14336-bib-0043){ref-type="ref"} Indeed, we found that hydrogen peroxide also upregulated PD‐L2 expression in HSC‐2 cells, whereas treatment of the antioxidant drug partially suppressed the cisplatin‐upregulated PD‐L2 expression in the present experiments. These findings, along with the present data, suggest that cisplatin‐induced PD‐L2 expression in OSCC is caused by the EMT via ROS induction.

Numerous reports have indicated that PD‐L expression in carcinogenesis is regulated by various intracellular signaling pathways. Indeed, the upregulation of PD‐L1 is believed to be driven by the activation of constitutive oncogenic signaling pathways, such as MAPK and PI3K‐AKT, as well as transcriptional factors, including HIF‐1, STAT3 and NF‐κB.[44](#cas14336-bib-0044){ref-type="ref"}, [45](#cas14336-bib-0045){ref-type="ref"} Furthermore, upregulation of PD‐L1 depends on IRF1 and STAT1 binding to their promoter, while PD‐L2 upregulation appears to depend on the IRF1 and STAT1/3 binding promoter.[28](#cas14336-bib-0028){ref-type="ref"}, [29](#cas14336-bib-0029){ref-type="ref"}

In the present study, the presence of a STAT1 or STAT3 inhibitor partially suppressed the cisplatin‐induced PD‐L2 expression, suggesting that cisplatin may mediate STAT1/3 binding at the promoter sites of *PDCD1LG2*.

In general, cancers are regarded as heterogeneous tissues involving a variety of cells that originate from a unique and rare subset of cells that possess the ability to self‐renew and have the potential to differentiate into multiple cell lineages.[46](#cas14336-bib-0046){ref-type="ref"} Cancer stem cells, a subset of cancer cells with stem‐like properties, are responsible for tumor initiation, progression, recurrence and metastasis, as well as the cellular resistance to chemotherapy and radiotherapy.[47](#cas14336-bib-0047){ref-type="ref"}, [48](#cas14336-bib-0048){ref-type="ref"}, [49](#cas14336-bib-0049){ref-type="ref"} Cancer cells that are resistant to anti--tumor drugs have been reported to depend on ABC transporter activity.[22](#cas14336-bib-0022){ref-type="ref"}, [23](#cas14336-bib-0023){ref-type="ref"} ABCG2 is a member of the ABC transporter family and is a major factor in the drug resistance observed in cancer stem cells. Indeed, ABCG2 contribute to multidrug resistance to chemotherapy in several types of cancer.[24](#cas14336-bib-0024){ref-type="ref"}, [25](#cas14336-bib-0025){ref-type="ref"} In contrast, *Abcg2* transporter gene knockout mice have been shown to be particularly sensitive to chemotherapeutic agents, indicating that ABCG2 is critical for maintaining drug‐resistant stem cells.[50](#cas14336-bib-0050){ref-type="ref"}

In this study, we found that cisplatin treatment increased the percentage of ABCG2‐positive cells, so that \>50% of the HSC‐2 cells were positive for ABCG2. This increase likely contributes to the stem cell properties of cells expressing ABCG2 and ALDH1 in OSCC, suggesting a possible mechanism for the high metastasis observed in anti--tumor drug‐resistant cells. Indeed, PD‐L2‐positive or PD‐L2‐overexpressing HSC‐2 cells in the current study had increased invasion and transformation ability. Thus, the subset of cancer stem cells with anti--tumor drug resistance among OSCC may become more malignant with increased invasion and transformation associated with upregulation of PD‐L2 expression.

Previous studies have shown that PD‐L1 and PD‐L2 have different prognostic roles in various tumors, suggesting that different tumor subsets exist, including in cancer stem cells.[51](#cas14336-bib-0051){ref-type="ref"}, [52](#cas14336-bib-0052){ref-type="ref"} Although PD‐L1 is known to be expressed in oral tissues derived from the tongue and salivary glands of cancer patients,[53](#cas14336-bib-0053){ref-type="ref"}, [54](#cas14336-bib-0054){ref-type="ref"}, [55](#cas14336-bib-0055){ref-type="ref"} the significance of PD‐L2 has not yet been systematically evaluated in OSCC. Thus, we analyzed cisplatin‐induced PD‐L2 expression in an OSCC cell line and in OSCC cytology and tissue samples derived from patients with OSCC. We found that PD‐L2 expression was observed in OSCC cells derived from the tongue and gingiva of patients but not in normal tissues.

In line with experimental findings, the intensity of PD‐L2 expression was positively correlated with more malignant morphological features, suggesting that poorly differentiated and invasive OSCC cells take advantage of expressing PD‐L2 to evade immune surveillance. In addition, at least one of two PD‐L was detected in the OSCC cells of four available tissue microarray spots from lymph node metastasis, implying that the two molecules may compensate each other to metastasize to lymph nodes (Figure [S3](#cas14336-sup-0003){ref-type="supplementary-material"}).

In conclusion, cisplatin treatment upregulated PD‐L2 and ABCG2 expression in OSCC cell lines via STAT1/3 activation . In addition, upregulated PD‐L2‐positive cells had greater invasion and transformation ability and PD‐L2 expression was observed in epithelial cells derived from OSCC patients. Collectively, our novel findings suggest that cisplatin‐induced PD‐L2 expression in OSCC cells may be a critical factor in the prognosis of advanced OSCC patients.
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